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polymeric dye. For those instances when relatively 
high hiding power is required, such as when optical 
fiber has been provided with a hermetic coating, the 
color idonljfication system also includes an opacifier. 
In an alternative embodiment, the outer or secondary 
coating layer is a composition of matter which com- 
prises the opacifier and the polymeric dye. 
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AN ARTICLE COMPRISING A NON PIGMENTED CURED COLOR COATING 



Technical Field 

This invention relates to an article comprising a 
nonpigmented cured color coating. 

Background of the Invention 



During a process of manufacturing a glass op- 
tical fiber, a glass fiber is drawn from a preform 
and then coated with one or more coating maten- 
ats, typically, ultraviolet light curable materials. The 
coating materials include, for example, poiymeric 
compositions and are applied by one or more 
coating applicators. The function of the fiber coat- 
ing Is to protect the surface of the glass optical 
fiber from mechanical scratches and abrasions 
which the optical fiber may experience during sub- 
sequent handling and use. The coating or coatings 
also influence the fiber's optical characteristics in 
response to external mechanical forces and envi- 
ronmental temperature. 

In a cable, for example, optical fibers are iden- 
tified from one another by the use of a color 
coating layer which has been applied to the coated 
optical fiber. In the past, desired colors have been 
obtained in commercially available color coatings 
by using a dispersion of colored pigment particles 
in a suitable liquid carrier. 

The use of pigmented materials to provide 
color coatings for optical fiber has presented manu- 
facturing and performance problems. For example, 
pigment particles dispersed in an organic binder 
resin, as in all physical mixtures, gradually will 
separate into two distinct phases. As a result, pig- 
mented color coatings have a relatively short shelf 
life. 

The occurrence of phase separation In a pig- 
mented colorant system is complicated by the con- 
current agglomeration of pigment particles. Unde- 
sirably, the presence of agglomerates of pigment 
particles in a color coating on a coated optical fiber 
can induce microbending which results in transmis- 
sion losses. 

Further, the relatively high concentration of pig- 
ment material which is required to achieve an 
opaque ultraviolet light curable color coating inhib- 
its the transmission of incident light which is neces- 
sary to cure the color coating material. The pig- 
ment constituent refracts, reflects and scatters light 
from the cunng source thereby making it difficult to 
cure the coating material. This results m a reduc- 
tion in processing speed of the optical fiber along a 
manufacturing line and thereby increases produc- 
tion costs. The inherently slow cure speed of pig- 
mented color coatings causes the processing and 



the cure of these materials to be sensitive to minor 
changes in the thickness of the color coatings. 

An additional drawback to the use of pigmen- 
ted materials is that some pigments include heavy 
5 metals such as lead or cadmium. The use of such 
constituents in a color coating for optical fiber 
presents a safety question. Additionally, the use of 
optical fiber color coated with such pigmented sys- 
tems in above-ground, outside plant may be deie- 

70 terious to the environment. 

Because of these disadvantages of pigment- 
based color identification systems, thought has 
been given to using dyes. However, there is a 
problem associated with the use of dyes, and this 

15 problem relates to some of the coating materials 
used on optical fibers. Polymeric coatings are ef- 
fective to prevent mechanical damage to the glass 
fiber surface they are meant to protect; however, 
diffusion of water vapor, hydroxyl ions, and hy- 

20 drogen through the polymeric coatings pose addi- 
tional threats to the strength, mechanical integrity 
and optical performance of the optical fiber. 

Mechanical failure of the optical fiber may oc- 
cur through a glass fiber failure mechanism re- 

25 ferred to as stress corrosion. In an outer surface of 
a glass body, there exist surface imperfections 
resulting from mechanical damage or flawed silica 
bonds, for example. These imperfections, which 
are called microcracks, act as stress concentrators 

30 and thus may cause failure to occur preferentially 
at these locations when the fiber is subjected to 
tensile stresses. As stress is increased to a certain 
critical level, the fiber will fail at the crack site. 
Normally, these cracks will not grow under the 

35 influence of stress alone. In the presence of con- 
taminates, hydroxyl ions, for example, the source 
of which may bo water vapor, these cracks tend to 
grow at predictable rates when subjected to tensile 
loacing. This stress corrosion is the result of the 

40 incorporation of the hydroxyl ions into the silica 
matrix of the optical fiber. Rber failure may occur 
at stress levels significantly below an otherwise 
higher level due to the fact that the microcracks 
slowly but steadily reduce the area over which the 
tensile loads are resisted. 

The presence of hydrogen adjacent to the op- 
tical fiber can also result in the diffusion of hy- 
drogen through the polymer coatings and into the 
fiber core. Hydrogen which has diffused into the 

50 core of tf^e fiber may react with core glass matrix 
Defects, the effect of which is increased optical loss 
in the fiber 

Stress corrosion anc hydrogen absorption can 
be prevented cr at least reduced to a significant 
degree by the application of a hermetic coating to 
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the fiber surface after fiber drawing but before any 
polymeric coatings are applied to the fiber surface 
by a variety of methods. For example, U. S. Patent 
No. 4.407,561 discloses that a variety of metals, 
including nickel, copper and aluminum may be 
used to provide a hemnetic coating for a glass 
optical fiber. The hermetic coating Is applied by 
passing a just-drawn optical fiber through a molten 
pool of metal. It is now common practice to apply a 
hermetic coating which includes carbon. 

The problem is that these hermetic coatings 
typically exhibit a dark color which is difficult to 
hide. Conventional dyes and pigmented systems, it 
has been found, are unable to cover satisfactorily 
hermetic coating materials and still provide desired 
performance characteristics. 

What is needed and what does not seem to be 
available in the prior art is a nonpigmented color 
coating system which may be used for optical 
fiber. The sought after system must be reasonably 
low in cost and must t>e capable of being applied 
to optical fiber along existing optical fiber manufac- 
turing lines without necessitating any reduction in 
processing speed. Of course, the desired color 
coating system must be acceptable environmen- 
tally and must not present potential problems in 
handling. 

Summary of the Invention 



The foregoing problems of the pnor art have 
been overcome with the color coating system of 
this invention. An article having a nonpigmented, 
opaque color identification system includes a sub- 
strate such as drawn optical fiber and a color 
identification system which has been applied to the 
substrate. The color identification system com- 
pnses an ultraviolet light curable coating composi- 
tion which has suitable adhesion to the substrate. 
Also inc uded in the color identification system is a 
polymeric dye. 

In one embodiment where relatively high hiding 
power IS required, the color identification system 
also includes an opacifying agent. The ultraviolet 
light curable coating material has sufficient ar- 
omaticity to render its refraction index sufficienUy 
high so that a mixture comprising Uie ultraviolet 
light curable coating and the opacifying agent 
yields a white opaque liquid. 

Advantageously, the color identification system 
may be included in the optical fiber in several 
forms. For example, ttie optical fiber which includes 
a core and a cladding and one or more coating 
materials may have a color coating layer applied to 
the outer one of the coatings. Alternatively, the 
color identification system may be included in the 
outer one of the optical fiber coatings. 



Brief Description of the Dr awing 

FIG. 1 is a perspective view of a substrate in 
the form of an optical fiber having a color coating 
5 layer applied thereto; 

FIG. 2 is an end view of the optical fiber of 
FIG. 1; and 

FIG. 3 is an end view of another embodiment 
of an optical fiber having color identification means. 

10 

Detailed Description 



Referring now to FIGS. 1 and 2, there is shown 
an optical fiber which is designated generally by 

15 the numeral 20. The optical fiber 20 typically in- 
cludes a glass fiber portion 22 compnsing a glass 
core and a glass cladding. As Is conventional in the 
art. the glass core and glass cladding are protected 
by a coating system. Typically, the coating system 

20 includes two layers of polymeric coating materials. 
An inner layer 26 is referred to as a primary 
coating layer and is relatively soft to cushion the 
glassy portions. Enclosing the primary coating lay- 
er is an outer coating layer 28 which is referred to 

25 as a secondary coating layer. 

In some optical fiber such as the one depicted 
in FIGS. 1 and 2, a layer 29 of a hermetic coating 
material is interposed between the inner coating 
layer 26 and the glass fiber 22. The hermetic 

30 coating material is used to prevent moisture from 
reaching the glass fiber 22. 

In order to be able to identify optical fibers 
when a plurality of them are assembled into a 
cable, it becomes necessary to provide each op- 

35 tical fiber with a color identification system. Desir- 
ably, this task is performed by the manufacturer of 
optical fiber, otherwise the coloring would have to 
be done by the cabler. 

The color identification system of this invention 

40 is founded on the use of a polymeric colorant as 
opposed to prior art pigment-based systems. The 
nonpigmented color coatings includes polymeric 
colorants which comprise macromolecular 
chromophore-containing molecules where an or- 

45 ganic dye unit is linked chemically to a polymer 
chain. Hereinafter, this chemical constituent is re- 
ferred to as a polymeric dye. 

Polymeric dyes are disclosed in U.S. patent 
3,157,633. The polymeric dye is of an oligomeric 

50 nature, specifically one in which dye molecules are 
attached to long chain material. The use of a poly- 
meric dye in an optical fiber color coating causes :t 
to be entrapped in a crosslinked network. The 
result is stability which is enhanced over that of a 

55 conventional dye. For example, in the past, it was 
not uncommon for a conventional dye to be ex- 
jdcd out into a cable filling material. The problems 
discussed hereinbefore are avoided with a color 
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identification system wtiich uses a color coating 
including polyneric coiorants which are macro- 
molecular chromophore-containing molecules 
wherein an orQanic dye exist is linked chemically to 
a polymer chain 

Inasmuch as a p<^yrT*enc coiorant-based op- 
tica! fiber color cckcting is translucent, the color 
Identification system also iricfudes a relatively low 
refractive inder opacityw^g material. The latter ma- 
terial when inckxjod ir tne colorant- based color 
coating renoers 0»c ccxrposition opaque before and 
after cure. The retractive index of the opacifier is 
low relative to oOxjr compooents in the color coat- 
ing composition W^»•-n Wending constituents which 
have a relai'vcy i^jo rjifttfence in index of refrac- 
tion, the rcsutivK rMi\iMt appears white to the 
human eye Tc b*s« is added a polymeric dye 
to impart cckx lo the Inmxjlation. A non-polymeric 
dye coul:i be us«d Ic [jftvHse the coloring, but it 
does not haw irto sLi«>kt/ [:<ovtded by the poly- 
meric dye 

Tbc cotor rv^lcation tystem may be includ- 
ed in sevu<ai wjy^ in a prolerred embodiment 
which is dofm:tt#d tr. f)Ci 1. ttK) color identification 
system is irkctuciod Ai a Uyor 30 which is applied 
about the outv,f v^rumWy coating layer 28, In such 
a structure, txAr-* >.amoier of the claddir>g is 
about 125 rn*-'jr^ jr*' o( tfyj outer coating layer 
28 IS about ?V> rr« f m 1 he th*ckness of the color 
identil>ca*)or La vet ti «• The range from about two to 
thirty-fivc moijm 

In tt>e t*r'«*roc: erTtrtiiment. the color iden- 
tification yc t\ i c:jr^t)osjtjon of matter which 
comprisos a cj'>: i ^r^pusition of matter, an 
opacitter df^J t-''r'*^''C dye. The cured conr>- 
positicn ol mu'!i'» "wii t« ono *hich is ultraviolet 
fight curud /^v* r^wi or thermally cured. 

In a p*o<<^»<'«7 rnii« (vtHin. the color identifica- 
tion Layer 30 mi*v<3 is a composition of 
matter wtiKti . i^if ^ jr^ uRraviotet light curable 
oligomertc corx*e, *t r- f^aritw. an opacif er and 
a polymrrir ^'■r>*^j£*^ T*: compositiOT com- 
prises arxx>i 'M* i-v t t ♦^•♦'^nt of the oligomcn; 
compos:! r^- ' n-^"<- jt<^/ 1 fiorcent oy weigH 
of the opacitu* jro it'nM -w [ -If cent by weight ot 
the polymot>r i,f 

The oiic;nrf^^i or':- -vjo may be one whici 
is wel d-iscritn^'J * " tfaivrfo For example, >t 
may compr L.» <*:<«. :-*':t^t ty weight o* an 
oligorrer. atxu* t--* ■ "i t y weight of a diluent 
and about ? iri f. »»-«Mrit of a phctoinitiator 
More speci'tc^M, . ■ w* .it"a>.iolet light curable 
oligomeric cori ((rir,:> # >t -^oT'or tho oligomer ma/ 
comprise pK>yo**>>k-'^- g'yco( adipate-toluene 
diisocyanate-hyOi^» f.ft ri o<.ryiate. The diluer^t 
may comprise* al» tjt i i L (.^iLcnt by weight of 
vinyl pyrrolidofx; o-'kJ Jt^xjf 11 5 percent by weight 
of ethoxyethoxyothyi ac'v^aiD The photoinitiatcr 



maybe one which is marketed by the Ciba Geigy 
Company under the tradename Irgacure 651. 

In the foregoing composition, the oligomeric 
constituerrt is relatively viscous and In fact may not 
5 flow as desired at room temperature. The diluent 
constituents function to reduce the viscosity of the 
oligomer and cause it to be processable at room 
temperature. 

The subcombination of the ultraviolet light cur- 

10 able oligomeric material and the opacifier provide a 
white, opaque composition. The addition of the 
polymeric dye to the subcombination composition 
comprising the ultraviolet light curable oligomer 
and the opacifier provides the desired color coating 

75 cximpositlon. 

The thickness of the layer 30 may vary from 
that regarded as conventional for a color coating. 
Generally, the thickness of the color identification 
layer has been about two microns. In the color 

20 identification system of this invenbon, as mentioned 
hereinbefore, the thickness may be as much as 
about 35 microns. A layer of such thickness effec- 
tively acts as a well known buffer layer used to 
enclose coated optica! fiber. As such, it serves 

25 three functions. First, it provides robustness for the 
coated optical fiber; secondly, it provides micro- 
bending resistance; and thirdly, it provides color 
identification. 

Depicted in FIG. 3 Is an alternative embodi- 

30 ment to the one shown in FIGS. 1 and 2. In FIG. 3, 
the glass fiber 22 and the hermetic coating layer 
29 are enclosed in two coating layers. The first or 
inner coating layer 42 is the primary coating layer 
and may be identical to the primary coating layer 

35 26 of FIGS. 1 and 2. 

An outer or secondary coating layer 44 of FIG. 
3 comprises a coating material which is a curable 
composition of matter and which is characterized 
by substantially the same properties as these of 

40 the secondary coating layer of FIGS. 1 and 2. 
However, in this instance, the secondary coattng 
layer which may compnse an oligomeric material 
also includes an opacifier and a polymeric dye. 
In a preferred embodiment of the opticai fiber 

45 of FIG. 3, the secondary coating comprises about 

98 parts by weight of an ultraviolet light curable 
coating constituent, about one part by weight of an 
opacifier and about two parts by weight of a poly- 
meric dye. 

50 The composition of the secondary coating is 

provided first by prepanng a premixture compris.ng 

99 parts by weight of an ultraviolet light curable 
constituent such as, ^or example, Desolite^ 950- 
101 coating matenal available commercially from 

55 the De Soto Company of Des Plaines, Illinois. Ad- 
ded to the light curable constituent to provide the 
premixture is 1 part by weight of an opacifier such 
as a perfluorinated polyether having a refractive 
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index which is substantially less than the refractive 
index of the secondary coating composition. Such 
an opacifier is available commercially from the 
Ausimont Company of Morristown, New Jersey un- 
der the trade description Z-Dol. 

To 98 parts by weight of the premlxture is 
added two parts by weight of a polymeric dye of a 
desired color. Such a polymeric dye is available 
commercially from the Milliken Company of Spar- 
tanburg, South Carolina 

Further, in the preferred embodiment, the ul- 
traviotet light curable constituent of the secondary 
coating comprises about 75 percent by weight of 
an oligomer, 23 percent by weight of diluent, and 
about two percent by weight of a photoinitiator. 

The embodiment of FIGS. 1 and 2 is preferred. 
With that arrangement, the color identification sys- 
leni may be added off-line. As a result, the prop- 
eftKJS of the drawn optical fiber may be determined 
pcKX to the selection of the color to be associated 
witn fiber having particular properties. 

The nonpigmented color coating has several 
advantages. It has the ability to hide any hermetic 
coatir^. it is stable, and it does not affect perfor- 
mar>ce characteristics of the fiber. Further, it is less 
cxpersive than those used in the past. Whereas in 
the prior art, pigmented formulations typically in- 
ciudod about thirty to forty weight percent of the 
pigment constituent, the coating compositions of 
xtMZ invention includes in the range of about two 
woKjht percent of polymeric dye. 

The color identification system thus far de- 
scribed IS suitable for coloring optical fiber which 
mciudcs a hermetic coating layer. It wilt be recalled 
mat a hermetic coating generally includes a carbon 
constituent which exhibits a black appearance. Any 
coiof Identification system needs opacity to hide 
ffK undertymg black color and to provide the de- 
si'od color on the fiber. Accordingly, a color iden- 
t'*ication system which is used to color identify a 
fwrnotically coated optical fiber requires an 

On tne other hand, optical fiber which does not 
•m Kjoe a hermetic coating generally appears stiver 
ir -fjx- As a result, the color identification system 
I * fKoviding a desired color need not require an 
• iia^itior. rather only a light curable coating com- 
,.tion and a polymeric dye. 
Ift preparing a composition of this invention 
mim^u dues nut include an opacifier, the admixture 
lb bypassed. A commsrcially available ma- 
itrf di such as the earlier mentioned Desolite nna- 
tr»iiai in parts by weight of about 98 is mixed with 
^><jui two parts by weight of a polymeric dye of 
Utt- desired color. The mixture may be applied :o 
j#i outer sjrface of a secondary coating as dc- 
f-ctcd in FIG. 1 or may itself comonsc the sccon- 
via-y coating for tne optical fiber. 



It is to be understood that the above-described 
arrangements are simply illustrative of the inven- 
tion. Other arrangements may be devised by those 
skilled in the art which will embody the principles 
5 of the invention and fall within the spirit and scope 
thereof. 
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Claims 



1. An article having a color identification system, 
said article comprising a substrate, and a color 
identification system which has been applied 
to said substrate, said color identification 
75 system being characterized by 

a cured coating composition; and 

a color identification system which includes 

a polymeric dye. 



2. The article of claim 1, wherein said polymeric 
dye comprises macromolecular chromophore 
containing molecules wherein an organic dye 
unit is linked chemically to a polymer chain. 

3. The article of claim 2, wherein said color iden- 
tificaton system is opaque and further includes 
an opacifier. 

4. The article of claim 3, wherein said substrate is 
optical fiber. 

5. The article of claim 3, wherein the refractive 
index of the opacifier is substantially less than 
the refractive index of the coating composition. 



6. The article of claim 3, wherein said substrate is 
an optical filler which includes at least one 
layer of a coating material applied thereto and 
wherein said color identification system com- 

40 prises a layer which has been applied to an 

outer surface of said at least one coating layer 

7. The article of claim 6, wherein said color iden- 
tification system includes about 98 parts by 

45 weight of an ultraviolet light cured composition, 

about 1 part by weight of an opacifier and 
about 2 parts of a polymeric dye. 

8. The article of claim 7, whcroin said ultraviolet 
50 light cured coating composition comprises 

about 75 percent by weight of an oligomer, 
about 23 percent by weight o^ a diluent and 
about 2 percent by weight of a photoinitiator. 

55 9. The article of claim 8, wherein said ultraviolet 
light cured coating composition comprises 
about 75 percent by weight of an oligomer 
comprising polyethylene glycol adipate-toluene 
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diisocyanate-hydroxyethyl acrytate, about 1 1 .5 
percent by weight of N-vinyl pyrolidone, about 
11.5 percent by weight of ethoxyethoxyethyl 
acrylate and about 2 percent by weight of a 
photoinitiator. 5 

10. The article of claim 3. wherein said substrate is 
an optical fiber which is enclosed in a coating 
system, said coating system comprising an 
inner primary coating layer and an outer sec- io 
ondary coating layer, wherein said secondary 
coating layer comprises an ultraviolet light 
cured coating composition which comprises 
about 98 parts by weight of an oligomeric 
material, about 1 part by weight of an opacifier is 
and about 2 parts by weight of a polymeric 
dye. 
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